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PREFACE

The October 1984 issue of "Department of Defense Program
Solicitation for Small Business Innovation Research No. 85.1"
included Army Research Topic No. 83, "Test Methodology and
Apparatus for Measurement of Static Electricity in Fabrics®
originated by Sharyn L. Seasholtz of the U.S. Army Natick
Research, Development and Engineering Center. The stated purpose
of the proposed exploratory development effort was to devise
sui table test methods and apparatus for the measurement of the
electrostatic properties of synthetic fabrics which incorporate a
small percentage of highly conductive material. These fabrics
are intended for use in the manufacture of uniforms for Combat
Vehicle crewmen and aircrewmen to minimize the generation of
electrostatic charges.

A background of considerable research into the properties of
synthetic clean-room garments containing conductive fibers
prompted 1.K.E. Associates, Inc. to respond to the solicitation.
Government contract No. DAAK4B-85-C-8874 was subsequently
awarded. Sharyn L. Seasholtz (STRNC-1TC)>, U.S. Army Natick was
appointed Project Officer. Work commenced on Phase 1 of the
project on 1 July 1985.(1

Existing commercially available test equipments were obtained
and modified as necessary to test for the static decay and field
suppression properties of the fabrics in question. A
triboelectric test apparatus was designed and fabricated to
determine the charge generating property of a fabric when rubbed
by the same or a different material. The apparatus utilizes the
above test equipment to display and record the data obtained.
Phase 1 of the Project was completed on 7 April 1986 with
submission of the Phase I Final Report.t

Upon completion of Phase I of the Project, a proposal for
Phase 1] was submitted. The proposal was accepted and Phase 11
authorized by modification of the original contract effective 28
May 1986. Work commenced on Phase 11 shortly thereafter. This
phase was to include further experiments with and debugging of
the total system developed during Phase I. Also included was the
formulation of three new test methods for future incorporation
into Federal Test Method Standard 191. These methods are .
intended to test for (a) the percentage of E-field suppression
offered by the conductive content of a fabric, (b)> the
charge-decay rate of the relatively nonconductive content and (c)
the triboelectric properties of a specimen of fabric when rubbed
with another material.




In addition, Phase 1l includes the documentation of all
modifications incorporated into commercial equipments and of all
new equipments designed and fabricated during the course of Phase
1. This documentation will provide for the future duplication of
the overall test system. Further, step-by-step operating
procedures for all equipments necessary in the system for each of
the three test methods are also included. These procedures
include explicit settings for certain peripheral equipments
furnished to the government by the contractor.

Phase 11 was completed for all practical purposes on 21
August 1987 with the delivery to US Army Natick RD&E Center of
all equipments either purchased or designed and fabricated under
the contract. Also delivered were the Master Drawings containing
complete documentation reflecting the fabricated equipment and
necessary modifications to those purchased commercial equipments
requiring revisions to fulfill the goals of the project.
Photographically reduced copies of these drawings are included as
Appendix A of this report. In addition, the final drafts of the
three test methods were also delivered together with step-by-step
procedures to assist testing personnel in performing each of the
test methods utilizing the equipments provided as a system.

Anticipating some few changes in the three proposed test

me thods prior to official publication and the high probability of
future revisions, copies of the original proposed test methods
are included in this document as Appendices B, C and D. By this
means the original documentation will be preserved for reference
purposes as being of historical significance. New revisions can
thus be compared with the originals to avoid changes that might
inadvertently subvert the basic intent of the test methods.

1.K.E. Ascociates would likKe to thank the following firms for
their rapid response and cooperation in solving equipment
problems that occurred during the course of this project.

Electro-Tech Systems, Inc.
Glenside, PR 19638

BBC—Metrawatt/Goerz
Broomfield, CO 868626

Solomat Corporatidn_
Stamford, CT 86986
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DEVELOPMENT OF TEST METHODS
FOR THE ELECTROSTATIC PROPERTIES
OF NONHOMOGENEQUS FABRICS: PHASE 11

1. BACKGROUND :

The hazard presented by an electrostatic discharge in an
explosive environment has been well Known for many years.

‘The prevalence of highly (electrically) insulative synthetics in

garments and other commonly used items has increased the
incidence of such discharges to unprecedented proportions. The
problem has expanded from explosive hazards into the world of
microelectronics where sensitive devices can experience
catastrophic damage from discharges so small in amplitude as to
be undetectable by normal human senses. Moreover, a static
charge residing on the surface of a highly insulative material
can induce a charge on nearby conductive items. This phenomenon
has been Known to initiate explosions without the need for an
actual discharge by actuating electrical squib-type firing
devices with fatal results.

The problems are of such magnitude that they have resulted in
the establishment of an entirely new industry, that of designing
and supplying materials and equipment for the specific purpose of
controlling the generation of static charges, or of minimizing
their harmful effects. The proliferation of special materials in
a myriad of forms has far outstripped the generation of test
me thods sui table for determining their ability to perform as
intended. As a result, the manufacturers and/or purveyors of
these items rely to a great extent on a very few already existing
test methods as references to describe the electrical
characteristics of the materials in question. In many instances,
the test methods referenced were never designed to test that
particular material (or form) and it remains a mystery how the
published data was obtained.

One such family of specialized materials is a new type of
textile that incorporates conductive carbon or metal filaments in
various patterns and percentages. These textiles are intended
for use in the manufacture of garments to be worn in explosive
environments such as hospital operating rooms and munitions
handling situations, and in areas where microelectronic devices
are being fabricated. These unique fabrics are intended to
furnish two forms of electrostatic protection:

(a) The conductive filaments provide an extremely low
resistance path between all areas of the garment to speed the
distribution of generated charges over the entire garment thereby
greatly lowering the charge amplitude, and if grounded, to bleed
off a charge entirely—--more rapidly than it can accumulate. This
property is somewhat dependent on any inherent conductivity of '
the relatively nonconductive content of the fabric which may
completely surround the conductive filaments.




(b) These same filaments (when grounded) provide a shielding .
effect, which suppresses any voltage fields emanating from

charges that may be present on garments worn beneath. This

shielding effect, although extremely desirable, has the distinct

disadvantage of confusing the results of any tests performed in

accordance with existing standardized test methods. It is

necessary, therefore, to either devise new test methods for these

fabrics or to modify existing test methods to the extent that

they are usable for the electrical characterization of the

materials in question. Thus, appropriate accept/reject criteria

can be established. -

2. INTRODUCTION:

Phase I of this project was initiated on 1 July 1985 under
Contract Number DAAK&B-85-C-8874 and completed on 7 April of the
following vear.!M It established the feasibility of testing for
the charge decay rates, electrostatic field—suppression
capabilities, and triboelectric charge generating properties of a
variety of textiles containing small percentages of highly
conductive material evenly distributed throughout the fabric.

During the above feasibility study, commercially available
test equipment was modified where necessary in order to obtain
data that the equipment had not been designed to provide. A
Triboelectric Test Fixture capable of establishing the peak value
of electrostatic charge which could be generated on a specimen
when rubbed by the same or by another selected material was also
designed and fabricated. Phase 11 of the project consisting of
necessary documentation of test equipment, the writing of the
three proposed test methods, and the formulation of step-by-step
procedures for equipment operation was commenced on 1 June 1986.

3. TEST EQUIPMENT:

The following test equipment was either acquired from _
commercial sources or designed and fabricated for use in the
performance of the three proposed test methods during the course
of the project. A brief description of each is included together
with modifications incorporated into certain of the commercial
equipments. '

(a) Electro-Tech Systems, Inc. (ETS) Model 586 Controlled
Humidity Test Chamber. This glove-box type test chamber was
modified by installing a system of hermetically sealed electrical
feed—-thru connectors to improve hermeticity. The circulating air
drier system is now capable of lowering the internal atmosphere
of the chamber to less than 1% relative humidity and maintaining
it at that level for long periods of time.




(b) ETS Model 486C Static Decay Meter. Originally designed
specifically to test materials in accordance with FTMS 1061,
Method 4844, this instrument was modified to provide for
operator selectable inhibition of the three-minute cutoff and/or
percentage level timeout features of the instrument. Special
circuitry was also installed to allow selectable four-, six- and

nine-second automatic E-field detector probe "zero" cycling.

An inverting amplifier was installed to cause the recorder
output to be of the same polarity as the front-panel sample
charge meter. @& trigger output was provided at the rear panel
for initiation of a recording device just prior to activation of
the discharge relay.

Modifications to the decay—-time test fixture included
improvements to the specimen mounting plate and repositioning the
sensor probe to maximize the percentage of specimen E-field
suppression that could be detected. Charge and discharge relays
were repositioned from the instrument to the test fixture to
improve accuracy of measurements. The test fixture was also
modified to allow decay time measurements of completed garments
in accordance with a new test method for this purpose
(EQS/ESD-S2)(® recently developed by the EOS/ESD Association,
further broadening the capabilities of the instrument.

(c) BBC-Metrawatt/Goerz (BBC) Model SE-561 Memory Chart
Recorder. This extremely sophisticated instrument replaces the
BBC Model SE-128 Chart Recorder originally purchased under the
contract. This state-of—-the-art instrument was introduced into
the marketplace well after the commencement of Phase I of this
project.

(d> BBC Model M-2858 Diqgital Scope-Multimeter (with memory>.
Originally purchased to supplement the Model SE-128 mentioned
above, this instrument was retained under the contract to provide
accurate signal measurements and for purposes of previewing
recorder inputs prior to actually recording signals on chart
paper.

(e) Solomat Corporation Model MPM 588 Thermo Hygro
Tachometer. This instrument was purchased to provide an accurate
measurement of the internal environment of the test chamber.
Recent developments at Electro-Tech systems have made available a
highly accurate automatic humidity control system designed to
operate in conjunction with the Model 586 Humidity Chamber. This
system became available too late to be included in the contract,
but is highly recommended as a future improvement to the overall
test system under discussion.




(f) Triboelectric Test Fixture. This apparatus was designed
and fabricated under the contract to operate in conjunction with
(b)> and (c) above and fits easily into the test chamber. A small
but powerful synchronous AC gearmotor with an output speed of
exactly 188 RPM rotates a Polytetrafluoroethylene (PTFE) rubbing
wheel. The specimen is mounted between two metal plates, each of
which incorporates a circular opening across which the specimen
is stretched during the mounting procedure. Ten of these
specimen holders were included to facilitate the simul taneous
conditioning of a number of specimens within the chamber.

A separate control console is provided to furnish the
appropriate timing signals to the test fixture and a trigger to
initiate the recording device. Other circuitry is also present
in this console which was originally used for various purposes
during Phase I of the project. Later developments proved that
these provisions were not necessary to the final version of the
test procedure. These circuits were left intact since they do
not interfere with normal operation of the equipment and may find
a use in the future.

It should be noted that all necessary circuitry currently
located in the test console could be contained within the chassis
of the test fixture, and that in all probability such will be the
case in the next generation of this apparatus. This can be
easily accomplished without destroying repeatability of test
resul ts between equipments so long as certain critical dimensions
are not altered.

A calibration module designed to substitute in the specimen
holder position is furnished. When in use the “target" surface
of this module is automatically positioned at the exact location
normally occupied by a test specimen. Connecting 5,888 V DC
obtained from the 484C to this module while installed in the test
fixture allows the entire system to be calibrated accurately and
for a maximum specimen or wheel charge measurement of 25,000
volts.

After a specimen has been mounted in a holder and
condi tioned, the holder (with specimen) is manually inserted
between two slotted insulators. A momentary (RUN) switch is then
pressed to initiate the timing sequence and trigger the recording
device. This action causes a solenoid to operate, positioning
the rotating wheel against the specimen. The wheel remains in
that position for a fixed 18-second interval and is then
automatically drawn back to its original position. The operator
then removes the specimen holder and again presses the RUN
switch. The wheel returns to the rubbing position with no
specimen in place for a second 18-second interval and then
automatically withdraws. During this entire sequence the E-field
probe is measuring detected fields and delivering the resulting
signals to the recording device via the 4846C.




By proper prior adjustment of the time length of the
recording (X% 36 seconds), all detected signals can thus be
charted for the entire sequence. Probe signals recorded from the
specimen are (1) the rubbing time and (2> the specimen charge
after the wheel is withdrawn. This is followed by a third signal
representing the residual charge remaining on the rubbing surface
of the wheel after its return to the rubbing position with no
specimen in place.

This latter signal is of primary importance due to the fact
that any conductivity inherent in the specimen will allow its
charge to distribute to the metal specimen holder, perhaps more
rapidly than the instrumentation can respond. The charge on the
highly insulative surface of the wheel, however, is completely
immobile and therefore must remain stationary (static? providing
a direct indication of what the peak charge on the specimen was,
although of opposite polarity.

Since the friction of the rubbing action tends to cause the
wheel surface to gather material from the specimen, the wheel
surface should be cleaned with trichloroethylene and allowed to
dry prior to initiating each test sequence. Failure to do this
is sometimes evidenced by a reversal of charge polarity when the
surface of the wheel essentially becomes the same material as the
specimen and is therefore located at the same position on the
"Triboelectric Series” (see Table 1). Cleaning with the solvent
also serves to remove the previous residual charge from the
wheel. It may also be advisable to thoroughly clean the specimen
slides and the specimen stop with this same solvent prior to each
series of tests to maintain their insulative properties.

4. TEST EQUIPMENT DOCUMENTATION:

Equipments designed and fabricated for this project and
modifications to commercial test equipments purchased under the
contract are documented in U.S5. Army Natick RD&E Center Drawings
81337-X4-5-106 thru -1246 (see Appendix A).

(a) Triboelectric Test Fixture. This item is documented in
drawings X4-5-16@ thru -117 (pgs. A-2 thru A-23) with the wiring
diagram for the fixture’s chassis being X4-5-116 (pg. A-22), and
its Sensor Head mechanical modification detailed in X4-5-117 (pqg.
A-23)>» as an “"Altered Item Drawing".

(b) Triboelectric Test Control Console. The schematic
diagram for this unit is documented in drawing X4-5-118 (pgqg.
A-24) .

(c) ETS Model 484C. Modifications to the specific instrument
bearing serial number SDM-4846C-06318 and its associated decar-time
test fixture are documented in drawings X4-5-128 thru -126 (pgs.
A-26 thru A-32). Modifications to the internal circuitry of the
instrument are depicted in drawing X4-5-120 (pg. A-26) while the
modified schematics for the Test Fixture and the Sensor Head are
X4-5-122 (pg. A-28) and -126 (pg. A-32), respectively.




TABLE 1. SAMPLE TRIBOELECTRIC SERIES

A substance higher on the list is positively charged when
rubbed with a substance lower on the list due to the fact that
the higher substances have more free electrons than the lower
substances. Electrons from the higher substance are therefore
transferred to the lower substance, giving the latter a negative
- charge. The distance of separation of the two substances in the
listing has no relationship to the amplitude of charges
generated.

POSITIVE (4) AIR
HUMAN HANDS
ASBESTOS
RABBIT FUR
GLASS
MICA
HUMAN HAIR
NYLON
WooL
FUR
LEAD
SILK
ALUMINUM
PAPER
COTTON
STEEL
WOooD
AMBER
SEALING WaX
HARD RUBBER
NICKEL, COPPER
BRASS, SILVER
GOLD, PLATINUM
SULFUR
ACETATE RAYON
POLYESTER
CELLULOID
ORLON
POLYURETHANE
POLYETHYLENE
POLYPROPYLENE
PUC (VINYL)
KEL F
SILICON
NEGATIVE (-) PTFE




_ (d) Complete Test System Interface. All equipment electrical
interconnections necessary for performing each of the three
proposed test methods are depicted in drawing X4-5-119 (pg.
A—25) .

S. TEST METHODS:

The final versions of the three test methods are essentially
the same as those described in the Phase I final report!® with a
number of changes in the interests of simplicity and efficiency
brought about by experiments performed in the course of Phase I
of the project.

(a) Field Suppression Test Method. This test method (see
Appendix B) has no significant changes. It is merely necessary
to first ascertain on a one-time basis the minimum percentage of
suppression the particular test system being used is capable of
detecting. The time-base of the recording device is then
adjusted such that the transition from a sudden drop in signal to
a much slower decaying curve as detected from the specimen
E-field is clearly discernible on the recording media. The
percentage of field suppression can then be readily calculated
from the chart. No specimen conditioning is necessary since the
field-suppression characteristic of the specimen is not affected
by changes in the RH level. '

(b) Decay Time Test Method. This test method (see Appendix C)
has been finalized to provide for a simpler and more repeatable
method of calculation of decay rates. Rather than utilize the
formula for Tau (1) described in the Phase I final report,(? the
1/e factor of x 36.8%4 is utilized. Once the transitition point
from field suppression is determined for a particular specimen,
the Y-axis sensitivity of the recording device is then increased
for a second recording such that the Known transition point is
near (but not beyond) the maximum limit of the recording media.

At the same time, the X-axis of the recording device is
adjusted to include in the recording that portion of the curve
wherein the signal decays from the transition point to at least
36.84 of that value. After the second recording is made, the
chart is then analyzed to determine the time required for the
signal to decay from the transition point to 36.8/%4 of that value,
this time-lapse being the T of the specimen.

In the event specimens of several different fabrics are to be
tested in the same series for comparison purposes, it would be
well to first determine the transition points for the entire
group. The lowest value of all transition points would then be
utilized for calculating the 36.8% point of all specimens, thus
partially overcoming the problem of non-ohmic resistivity
inherent in certain synthetics. Calculations for a&all specimens
in the series would thus commence at the same charge level. By
this means the "decay ratec" of the relatively nonconductive
content of the specimens could be more accurately compared.




(c) Triboelectric Test Method. This test method (see Appendix
D> has been considerably modified from the original concept.
Rather than observe only the charge generated on the specimen
itself¥, the final version calls for recording the charge signals
generated by an entire sequence including (a) the charge detected
on the specimen during rubbing time, (b> the charge present on
the specimen during wheel retraction and for a short period
thereafter, and (c)> the residual charge remaining on the wheel
after the specimen is removed and the wheel has been returned to
the rubbing position with no specimen in place.

The charge on the specimen will be at its peak as the wheel
is withdrawn. Since any conductivity in the specimen will cause
this charge to distribute to the metal specimen holder thus
loading up its capacitance, the detected specimen charge will
appear as an apparent decaying exponential whose rate of decay is
dependent on the conductivity of the specimen. This decay rate
could easily be so rapid as to be beyond the response capability
of the instrumentation and the actual peak specimen charge
therefore not be recorded.

Since triboelectric charging is caused by contact and
separation of two different objects, and results from an exchange
of electrons, it follows that one of the two interacting objects
will gain electrons while the other will lose an equal quantity.
The direction of electron movement is dependent on the relative
positions of the two objects on the *Triboelectric Series® (see
Table 1>. An item higher in the series will lose electrons and
gain a positive charge when interacting with an item lower in the
series 4 which thus acquires a negative charge. In the event
both items are identical materials, the polarities could be in
either direction but always opposite. The distance of separation
between the positions of the two items on a "Triboelectric
Series" has no relationship to the amplitude of the charges
generated. h

The rubbing surface of the wheel is PTFE, a material located
at the extreme lower end of the triboelectric series. Therefore
almost any material other than PTFE rubbed by the wheel will gain
a positive charge, while the surface of the wheel will become
negatively charged to an equal amplitude. Due to the highly
insulative nature of the wheel’s rubbing surface, this negative
charge must remain stationary (static) for a lengthy period of
time possibly determined by the quantity of positive ions
available in the surrounding atmosphere. These phenomena allow
the residual charge on the wheel’s rubbing surface to be measured
as representative of the peak charge actually attained on the
specimen even though it might for some reason be impossible to
record the peak specimen charge directly. The wheel charge will
normally be negative while the specimen charge will be positive
in polarity.




Differences in wheel charge amplitudes between various
specimens will be entirely dependent on characteristics inherent
in individual specimens at the time testing is performed provided
that the wheel is cleaned prior to commencement of each test.
These characteristics could be due to natural lubricity, texture,
moisture, some chemical additive, or combinations thereof. :

Adjustment of the Y-axis of the recording device to position
the "8" signal at center—-scale allows both positive and negative
polarities of detected signals to be recorded. Automatic
triggering of the recorder at initiation of rubbing time,
together with appropriate settings of time-base and recording
length, results in a comprehensive illustration of all signals
detected during an entire test sequence (see Appendix D
illustrations).

(d> Completed—garment Decay-time Test Method. Provisions for
testing personnel garments in accordance with EOS/ESD-S2(® were
included in the modifications to the ETS 484C Test Fixture as
depicted on drawing #X4-5-122 (see pg. A-28). This modification
consists of an additional HV relay which routes the normal
specimen charge/discharge path through two HV Jacks conveniently
located in one side of the fixture chassis. A toggle switch on
the top of the chassis enables this circuit. Two clamp
electrodes fabricated in accordance with the test method and
fitted with appropriate HV leads and plugs are provided.

It is merely necessary to connect the test fixture to the
406C in the normal fashion. A metal plate or sheet of foil is
substituted for the specimen in the test fixture and the
"Garment/Normal® toggle switch placed in the GARMENT position.
The garment is then suspended from the two clamp electrodes in
accordance with the test method. One electrode is then connected
to each of the HVY Jacks on the test fixture, and the 486C set for
manual operation on its front panel. With the 404C high vol tage
adjusted to the specified charge voltage, proceed as for normal
specimen decay—-time testing.

The clamping electrodes currently specified in the test
method are thought to provide less than adequate electrical
contact with garments being tested. However, since the test
method is not yet finalized, the possibility exists that problems
with these items may be corrected in the near future. In all
probability the basic test method will remain unchanged, and the
test fixture itself, as currently modified, will more than
adequately serve the purpose.




6. STEP-BY-STEP EQUIPMENT OPERATING PROCEDURES:

A complete step-by-step operating procedure for each of the
three proposed test methods included as Appendices B, C and D of
this report was formulated and delivered to the contracting
facility. The procedures cover the interconnection, calibration
and operation of all necessary equipment and instrumentation
furnished under the contract. Intended only to serve as
guidelines prior to acquired operator proficiency, these
procedures are not included as a part of this report.

7. PROJECT RESULTS:

All the proposed objectives of the project have been met as
follows:

(a)> The feasibility of testing fabrics containing small
percentages of highly conductive material for field-suppression,
charge decay rates, and triboelectric charge generation
characteristics has been proven. Since the charge decay rate of
a material is always directly related to its resistivity (or
conductivity), and the presence of conductors within an otherwise
highly resistive fabric seriously confuses direct measurements of
resistivity, the proposed charge decay test method (see Appendix
C)> can be substituted for FTMS 191, Method 59384 and ASTM
D257t5) in certain situations where neither is satisfactory.

(b)> Commercial test equipment has been acquired and modified
as necessary to provide for performing the proposed test methods
without impairing the designed purposes of the equipment.

(c>) A Triboelectric Test Apparatus has been designed and
fabricated for purposes of testing fabrics and other flexible
materials for their triboelectric charge-generating properties.

(d> The equipment modifications and apparatus of (b) and
(c) above have been thoroughly documented in the form of military
drawings and can therefore be easily duplicated.

(e) The three proposed Test Methods have been formulated for
prospective inclusion in Federal Test Method Standard No. 191.

(f> Three separate step-by-step procedures have been
formulated to serve as guidelines in the use of the delivered
equipments in performing the proposed test methods.

This document reports research undertaken in
cooperation with the US Army Natick Research,
Development and Engineering Center under

Contract No. DAAK60-85-C-0074 and has been

assigned No. NATICK/TR-88/010 in the series
of reports approved for publication.
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APPENDIX A

This appendix consists of reproductions of the original
Master Drawings submitted to U S Army Natick Research,
Development and Engineering Center by I.K.E. Associates, Inc.
under Contract No. DAAK&SB-85-C-8874. The drawings have been
photographically reduced in size to allow insertion into this
report. Entry has been made in numerical order with no

ommissions commencing with X4-5-188 on page 14 and ending with
X4-5-1246 on page 44,
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